Outdoor education programs frequently offer stream classes that teach students how to assess water quality based on the composition of aquatic macroinvertebrate communities. Repeatedly using the same site for stream classes can cause disturbance that could negatively impact aquatic macroinvertebrates. However, the impact of outdoor education stream classes on short term temporal trends of aquatic macroinvertebrates has not been evaluated. Our objective was to quantify whether outdoor education stream classes caused localized and short-term impacts on the aquatic macroinvertebrate community. We sampled aquatic macroinvertebrates over a five day period in May 2014 from an impacted riffle subjected to repeated substrate disturbance by outdoor education stream classes and an unimpacted riffle that was not subjected to stream classes within an agricultural stream in central Ohio. We did not observe a difference in macroinvertebrate community response variables between different time periods or among days within the impacted riffle as part of our within riffle analysis. We documented that macroinvertebrate abundance and dorsoventrally flattened clinger abundance was greater within the unimpacted riffle than the impacted riffle. Macroinvertebrate evenness was greater in the impacted riffle than the unimpacted riffle. In the impacted riffle percent clingers was greater on Monday than on Friday. Conversely, in the unimpacted riffle percent clingers was greater on Friday than on Monday. Our results indicated that outdoor education stream classes did not alter short term temporal trends of macroinvertebrate community structure within an impacted riffle, but the stream classes resulted in differences in community structure between an impacted and unimpacted riffle. Our results suggest that outdoor 
Introduction
Time and change are continuous processes in any ecosystem, but their influence is accelerated in highly dynamic ecosystems like streams. Disturbance plays a major role in determining the population, community, and ecosystem structure and dynamics of streams [1] . Disturbance has been defined as "any relatively discrete event in time that disrupts ecosystem, community, or population structure and changes resources, substrate availability, or the physical environment" [2] . While a press disturbance (e.g., logging, chemical pollutants within stream sediments) may affect lotic ecosystems continuously for months or years, pulse disturbances (e.g., spates) can periodically impact lotic ecosystems relatively quickly (i.e., hours, days, or weeks) [3] . Chemical disturbances as a result of agricultural runoff or industrial waste and physical disturbances from floods, construction projects, and land-use changes have received much attention in the literature [1] [3]. A newer body of literature has begun to evaluate the influence of disturbance caused by human recreational activity within natural areas on the biota [4] [5] [6] [7] [8] . In addition to considering the disturbance impacts of ecotourism and outdoor recreation, it is important to recognize that outdoor education programs may also cause disturbance to the biota.
Outdoor education is a popular, hands-on educational method conducted at outdoor sites and aimed at fostering appreciation for nature among school children. Many camps, nature centers, and parks offer outdoor education stream classes that often involve a focus on assessing water quality based on the abundance and diversity of pollution sensitive aquatic macroinvertebrates [9] . Instructors of stream classes typically encourage students to move and flip rocks within the streambed in search of aquatic macroinvertebrates. Additionally, outdoor education organizations typically use the same stream and often the same site for their stream classes as a result of familiarity, ease of access, and safety considerations. Subsequently, over the course of a year the same stretch of stream may be subjected to substrate disruption by extensive student activity. The influence of outdoor education stream classes on stream macroinvertebrates has not been documented previously. Understanding the ecological responses of stream macroinvertebrates to human instream activity as a result of stream classes is needed to help outdoor education centers, nature centers, and parks sustainably manage the streams that they use for their educational programs [10] [11] .
Insights to the potential effects of outdoor education stream classes on stream J. P. Bossley [12] discussed the bias that researchers may introduce into a field study by collecting and vouchering specimens and argued that researchers in effect become a new top predator in the ecosystem. Three studies [13] [14] [15] examined the effects of outdoor recreation activities on aquatic macroinvertebrates and found evidence of reduced macroinvertebrate density [13] , reduced macroinvertebrate abundance [14] , reduced taxa richness [14] , and increased catastrophic drift [15] in response to instream recreational activities by humans.
These studies demonstrate that human activity may act as a pulse disturbance by causing substrate movement thereby inducing drift, injury, or death to stream macroinvertebrates. Additionally, the frequent, repetitive usage of the same stream site over weeks, months, or years by outdoor education programs may act as a press disturbance.
We examined the effects of daily disturbance caused by repetitive activity of students participating in outdoor education stream classes on stream macroinvertebrates within an agricultural stream in central Ohio. This study is one of four studies conducted at multiple spatial and temporal scales from 2013 to 2015
to quantify the influence of outdoor education stream classes on aquatic macroinvertebrates [16] . In this manuscript we document the results of the study designed to examine the localized, short-term disturbance effects of outdoor education stream classes on aquatic macroinvertebrates, and to our knowledge this is the first study to do so. Previous studies have found that aquatic macroinvertebrates can recover quickly following a physical disturbance in as little as three days [17] [18] [19] . As a result we believed an evaluation of the short term impacts of stream classes was needed to complement the findings of our longer term studies. Specifically, we investigated whether differences in the aquatic macroinvertebrate community occurred between time periods and among days over a five day period within a riffle repeatedly subjected to outdoor education stream classes. We also evaluated whether differences in the aquatic macroinvertebrate community occurred between a riffle repeatedly subjected to outdoor education stream classes and an unimpacted upstream riffle over a five day period. Our objective was to quantify whether outdoor education stream classes negatively impacted the aquatic macroinvertebrate community between time periods within a day (morning and afternoon) or among days. We predicted that the macroinvertebrate community will exhibit a negative response (i.e., declines in abundance, richness, diversity, and changes in the abundance of select guilds) to daily student activity that increases as the week progresses within an impacted riffle subjected to repeated disturbance by outdoor education classes. We also predicted that the macroinvertebrate community in the impacted riffle will exhibit a negative response to repeated disturbance by outdoor education stream classes over a five day period, while the macroinvertebrate community in the unimpacted riffle will remain unchanged by student activity.
Methods

Study Area and Sampling Sites
Our study was conducted at two riffles within the portion of the upper Alum
Creek that flows through the grounds of the Heartland Outdoor School in cen- 
Within-Riffle Assessment
The objective for this assessment was to determine if the aquatic macroinvertebrate community within the impacted riffle differed between time periods (morning and afternoon) and among days during the week. Aquatic macroinvertebrates were collected via Surber sampler (500 μm net;
30.5 cm × 30.5 cm frame) with the substrate disturbed by hand with the aid of a screwdriver for 30 seconds to a depth of 10 cm or to an impenetrable hard layer (whichever was encountered first). To ensure representative sampling from the entire riffle length, one sample was collected from a randomly determined quadrat within each of three sections of the riffle during each sampling period. The three riffle sections included upper riffle (i.e., the two upstream rows in the sampling grid), mid riffle (i.e., the two rows in the middle of the riffle), and lower riffle (i.e., the two rows at the downstream end of the riffle). All three samples were collected consecutively beginning downstream and working upstream.
Thus, we collected three randomly located Surber samples from the riffle each time period each day resulting in six samples collected each day and a total of 30 samples collected for the entire week.
Identification of live aquatic macroinvertebrates in each sample commenced immediately upon completion of sampling. Samples were individually transferred to a large picking pan and identified to phylum, class, order, or family taxonomic resolution with the aid of a Nikon (20×) dissection microscope. Organisms identified at phylum, class, order, or sub-order taxonomic resolution included non-insects (Collembola, Hydracarina, Nematoda, Oligochaeta, Turbellaria) and insects (Anisoptera, Zygoptera, Hemiptera, Plecoptera). Family-level identification was used for some non-insects (Asellidae, Cambaridae, Pleuroceridae, Sphaeridae) and most insect taxa (Psephenidae, Elmidae, Simuliidae, Ceratopogonidae, Chaoboridae, Chironomidae, Tipulidae, Baetidae, Caenidae, Heptageniidae, Isonychiidae, Leptophlebiidae, Helicopsychidae). All organisms from each sample were returned to the quadrat from which they were taken immediately after identification. The catch and release protocol was used to allow the macroinvertebrates an opportunity to recolonize the quadrat from which they were taken and safeguard against the investigators introducing additional disturbance by permanently removing specimens from the stream [12] . Our field identification and subsequent release of live animals prohibited the use of a finer scale taxonomic resolution to either genus or species level.
Between-Riffle Assessment
Our objective for this assessment was to determine if aquatic macroinvertebrate of the unimpacted riffle was selected because it was physically similar to the impacted riffle. We sampled aquatic macroinvertebrates with a Surber sampler using the same sampling methods as described above within the unimpacted riffle.
The quadrats within the unimpacted riffle that were selected for macroinvertebrate sampling were based on the quadrat numbers that were randomly selected for sampling within the impacted riffle. This ensured our samples were randomly selected and ensured comparability between the two riffles. The first samples from the unimpacted riffle were collected on Monday beginning at 11:45 am EDT and the last samples were collected on Friday afternoon starting at 12:00 pm EDT. Additionally, after identification all macroinvertebrates were released alive within the quadrat from which they were captured.
Statistical Analysis
We assessed macroinvertebrate community structure with nine response variables: These nine response variables were chosen to encompass a range of community response variables that would ensure a robust evaluation of the riffle community. Macroinvertebrate abundance and taxa richness were included to examine whether stream classes can reduce the number of macroinvertebrates or eliminate certain taxa. Macroinvertebrate abundance and taxa richness are of immediate importance to outdoor education stream classes because greater abundance enables better opportunity for students to catch macroinvertebrates and greater taxa richness provides better opportunity for students to catch a variety of macroinvertebrate types. Shannon diversity and evenness were chosen on the basis of their robustness and wide usage as measures of diversity and evenness.
EPT response variables were included because of the known sensitivity to disturbance exhibited by EPT taxa. The three clinger response variables (clinger abundance, percent clingers, and DVF clinger abundance) were selected because we anticipated that clingers would be tolerant of the substrate disturbance caused For the between-riffles analysis, we used a two factor generalized linear model analysis with the quasi-Poisson distribution and the glm function [24] to determine if whole integer response variables based on count data (macroinvertebrate abundance, taxa richness, EPT abundance, clinger abundance, DVF clinger abundance) differed between days (i.e., the start of sampling on Monday morning and the end of sampling on Friday afternoon) and sites (impacted and unimpacted riffles). We also used a two factor analysis of variance and the lm function [24] to determine if non-whole integer response variables (Shannon diversity, evenness, percent clingers, percent EPT) differed between days and sites.
Examination of the normal q-q plots with the qqPlot function in the car package [25] for these four response variables confirmed that their distributions did not differ from the normal distribution.
Results
Within the impacted riffle we documented 25 taxa from 988 captures over five days of sampling. The three most abundant taxa captured were Nematoda, Chironomidae, and Baetidae (Table 2 ). For the within-riffle analysis, no differences (P > 0.05) in the nine macroinvertebrate response variables occurred between time periods or among days (Table 3) . Additionally, none of the macroinvertebrate response variables exhibited an interaction effect of time period and day (Table 3) .
As part of our between-riffles analysis we documented 11 taxa from 76 captures within the impacted riffle and 14 taxa from 324 captures within the unimpacted riffle (Table 4 ). The three most commonly occurring taxa in the impacted riffle were Nematoda, Chironomidae, and Baetidae, while the three most commonly occurring taxa in the unimpacted riffle were Chironomidae, Nematoda, and Oligochaeta (Table 4) . We observed a difference (P < 0.05) in macroinvertebrate abundance and DVF clinger abundance between riffles (Table   5 ). Macroinvertebrate abundance and DVF clinger abundance were greater at the unimpacted riffle than the impacted riffle ( Figure 1 ). There was no difference (P > 0.05) between days and no significant interaction effect of day x site for macroinvertebrate abundance or DVF clinger abundance (Table 5) . We also observed a difference (P < 0.05) in evenness between riffles (Table 5) , with greater evenness within the impacted riffle than the unimpacted riffle ( Figure 1) . A significant day x site interaction effect occurred for percent clingers that indicated the effect of day was different between riffles (Table 5 ). The percent clingers within the impacted riffle was greater (P < 0.05) at the start of sampling on Monday morning than at the end of sampling on Friday afternoon, while the percent clingers in the unimpacted riffle was greater (P < 0.05) at the end of sampling on
Friday afternoon than the beginning of sampling on Monday morning ( Figure   2 ). No difference (P > 0.05) in taxa richness, EPT abundance, percent EPT, Shannon diversity, or clinger abundance occurred between days or between sites (Table   5 ).
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Discussion
Within-Riffle Assessment
If student-induced disturbance occurred at the impacted riffle, we predicted that we would observe declines in macroinvertebrate abundance, richness, and diversity, as well as changes in the abundance of select guilds between the morning and afternoon samples and an increased negative response as the week progressed.
This pattern did not manifest during our study, which suggests that intensive stream exploration activity by students in the impacted riffle during our study did not result in disturbance to the resident aquatic macroinvertebrates. Our results did not support the hypothesis that the macroinvertebrate community would exhibit a negative response to student-induced substrate disruption between morning and afternoon and among days. We expected to observe overnight recovery in the macroinvertebrate community each day due to macroinvertebrate drift and the ability of aquatic macroinvertebrates to recover relatively quickly following small-scale disturbances [3] [15]. However, we did not expect nightly recovery of the nine community response variables to reach the levels exhibited at the beginning of the study by each morning. The drift phenomenon is known to occur at night, particularly during dusk, apparently to avoid diurnal predators that rely upon light to see their prey [26] [27]. However, no clear pattern of diurnal decline or nocturnal recovery was observed during our five day study. The absence of change between time periods and among days in macroinvertebrate abundance or taxa richness within the impacted riffle contrasts with studies that have observed reductions in abundance and richness for disturbances conducted over intervals greater than one day [17] and for post-disturbance sampling periods conducted in intervals of one day or longer [18] .
EPT taxa are known to be sensitive to chemical disturbance and are commonly used as water quality indicators in stream monitoring [21] . Since student-induced rock movement represents a potential physical disturbance rather than a chemical disturbance, it is not surprising that EPT-related response variables did not [32] . However, spates not only cause movement of streambed rocks, they also increase the water velocity and discharge. Macroinvertebrates that get dislodged from the streambed during substrate movement in a spate are prone to being swept downstream by the increased stream power. This dual disturbance of substrate movement and increased water velocity does not occur as a result of student exploration of streams during outdoor education stream classes. Macroinvertebrates dislodged from the substrate during student-induced substrate disturbance may simply crawl or swim to another rock, drift to a neighboring patch, or retreat into the hyporheic zone. For example, Baetidae nymphs are quick, agile swimmers and have been observed to dart quickly from one patch to another when the stone under which they reside is removed (J. Bossley, personal observation). Macroinvertebrates that typically occupy the hyporheic zone may simply retreat further into the hyporheic zone upon sensing vibrations from students hiking on the streambed [31] or upon sensing a change in water velocity caused by rearrangement of rocks.
We evaluated three clinger response variables (clinger abundance, percent clingers, and DVF clinger abundance) because of their anticipated tolerance to physical disruption. Clingers that exhibit dorsoventral flattening of the body and/or possess claws that enable proficient clinging to the substrate may be able to resist being dislodged from a rock when it is moved or picked up out of the stream by a student. Clingers like Heptageniidae nymphs have been observed scurrying from one side of a rock to the other as it is inspected and turned (J. Bossley, personal observation). Slow moving clingers like Psephenidae larvae may simply remain in place if not discovered and removed from the rock. However, our results did not indicate whether clingers were more tolerant to disturbance caused by stream classes compared to other habit guilds.
An important consideration in interpreting the results of our within-riffle as- Students moving throughout the impacted riffle, overturning rocks, and moving rocks during stream classes resulted in the substrate within the impacted riffle being disturbed in a patchy manner [16] . Since the impacted riffle consists of similar substrate throughout the entire riffle, only fine-grained differences in substrate disturbance occurs among patches within the riffle. Released macroinvertebrates, drifting macroinvertebrates from upstream, and macroinvertebrates able to avoid capture are free to continuously redistribute [34] throughout patches within the impacted riffle, limited only by their own size and mobility and whatever dispersal barriers those may convey [35] .
Future research should examine whether the composition of habit guilds changes among different patches within the impacted riffle during the course of a day or week as classes continue to remove and release organisms because of the potential cumulative disturbance effect of classes throughout the day. It is possi-Journal of Environmental Protection ble that the frequent catch and release of macroinvertebrates by students occurs at a faster rate than the macroinvertebrates can redistribute themselves. We did not document a decline in clingers within the impacted riffle during the study, but this could reflect clingers' ability to avoid detection or remain attached even if their rocks were removed from the stream and examined. If clingers were difficult to see and collect from rocks at the start of the week they would still be equally difficult to see and collect at the end of the week, resulting in no cumulative decline throughout the week. This may be especially true for Psephenidae larvae, since they are DVF clingers that are often well-camouflaged against sandstone rocks as they typically remain nearly or entirely still when the rock to which they are attached is temporarily removed from the stream by a student. Sprawlers and crawlers such as Plecoptera are more likely to be seen and removed from a rock when inspected by a student because of their tendency to move in response to the rock being removed from the water. Also, crawlers are more likely to be knocked loose from rocks during disturbance of the substrate when a kick seine is used because of their reduced clinging ability compared to clingers. Consequently, a disturbance regime induced by students may lead to a shift in sprawlers and crawlers throughout the day or week from the right and center sides of the riffle where they are collected toward the left side of the riffle where these organisms are released after each class. Alternatively, the tendency for non-movement and DVF body form that Psephenidae exhibit may not be an advantage to them in avoiding detection by students, so a student-induced disturbance regime may also lead to an increase in clingers and DVF clingers on the left side of the riffle.
Between-Riffle Assessment
For the between-riffles assessment, we predicted that no significant change in macroinvertebrate community structure would occur from the start of sampling on Monday morning to the end of sampling on Friday afternoon at the unimpacted riffle, while a cumulative decline in the macroinvertebrate community structure was expected from the start of sampling on Monday morning to the end of sampling on Friday afternoon within the impacted riffle. Overall, our results did not support the hypothesis that the macroinvertebrate community in the impacted riffle would exhibit a negative response to student-induced substrate disruption from the start of sampling on Monday morning to the end of sampling on Friday afternoon, while the macroinvertebrate community in the unimpacted riffle remained unchanged.
Our results indicated that macroinvertebrate abundance was greater in the unimpacted riffle than the impacted riffle at the start of sampling on Monday morning before stream classes began and the end of sampling on Friday afternoon after stream classes ended for the week and suggests that student-induced disturbance as a result of outdoor education stream classes led to the observed abundance trends. Our finding that student-induced disturbance decreased macroinvertebrate abundance is consistent with the findings of other studies [13] Journal of Environmental Protection [14] [15] that documented decreased macroinvertebrate abundance, density, and increased macroinvertebrate drift in response to human recreational activity.
However, Caires et al. [15] also documented that benthic macroinvertebrate abundance did not differ among riffles subjected to different levels of disturbance by hikers. Caires et al. [15] explained their contradictory results by concluding that instream hiking increased macroinvertebrate drift, but it did not result in long-term impacts on macroinvertebrates because individuals from nearby undisturbed patches were able to recolonize the disturbed patches.
The observed difference in evenness between the riffles suggests that student-induced substrate disruption influenced the pattern of relative abundance of macroinvertebrate taxa within the impacted riffle. The relative abundance of larval Chironomidae, one of the top two most abundant taxa in both riffles, was ten percent greater in the unimpacted riffle than in the impacted riffle. Clingers, particularly DVF clingers, are better-suited to resist physical substrate disruption. Consequently, we anticipated that if aquatic macroinvertebrates exhibit differential response to student-induced disturbance based on habit guild, it may be revealed by a greater presence of clingers at the impacted riffle by the end of the week. However, the opposite trend occurred (Figure 2 ) within our results. This finding suggests that either rocks in the impacted riffle were thoroughly examined and picked by students such that clingers were unable to remain unseen and were as likely to be removed from rocks as other macroinvertebrates or the level of student-induced substrate disturbance throughout the week was enough to dislodge clingers and cause them to drift downstream. Clingers also appear to have been slower at recolonizing the impacted riffle than macroinvertebrates in other habit guilds, perhaps due to their reduced mobility and lesser ability to move upstream compared to crawlers and swimmers.
The differences in the macroinvertebrate community between the impacted riffle and unimpacted riffle may be due to the prolonged effect of student-induced rock movement at the impacted riffle. Heartland Outdoor School began using the impacted riffle for stream classes in 2010. Consequently, at the time this study was conducted, the impacted riffle had received five years of continuous use in the spring and autumn by outdoor education stream classes. We have also quantified that riffles subjected to outdoor education stream classes experience increased substrate disturbance by the students and subsequently reduced macroinvertebrate colonization compared to undisturbed riffles [16] . Thus, the observed difference in macroinvertebrate abundance, evenness, percent clingers, and DVF clinger abundance between impacted and unimpacted riffles likely reflects the frequent substrate disruption at the impacted riffle over time. Matthaei et al. [18] postulated that disturbance frequency may result in biotic consequences only if it persists over long durations (i.e., >30 days). Viewed on a seasonal or annual time scale, the repeated student-induced substrate disruption at the impacted riffle may have acted as a press disturbance.
Alternatively, the differences between riffles in macroinvertebrate abundance, evenness, percent clingers, and DVF clinger abundance may indicate that the unimpacted riffle consists of more suitable habitat allowing it to host a macroinvertebrate community containing more individuals, reduced evenness in relative abundance among different taxa, and greater numbers of clingers and DVF clingers. We did not measure water velocity and discharge during this study. However, both riffles were selected because they were qualitatively similar in wet width, amount of turbulent flow, degree of water surface broken by underlying substrate, and water depth. Our site selection criteria and the close proximity of the two riffles to each other (i.e., within 100 m) suggests that hydrologic differences between riffles are not likely to result in the observed differences in macroinvertebrates. Additionally, visual assessment of the substrate at both riffles indicated similar substrate composition, which suggests that substrate type is not likely a Journal of Environmental Protection potential cause for the observed difference in macroinvertebrate communities between riffles. We did not measure water chemistry during our study. However, EPT abundance and percent EPT did not differ between the impacted and unimpacted riffles. The sensitivity of EPT taxa to water chemistry conditions suggests that water chemistry conditions were similar at both riffles and likely did not lead to the observed differences in macroinvertebrate community structure between the impacted and unimpacted riffles.
No sampling was conducted in either riffle prior to 2010 when the stream class program was initiated, so information on the macroinvertebrate community within the riffles prior to student impact is not available. However, apparent similarities in hydrologic conditions, substrate type, and water chemistry between the unimpacted riffle and the impacted riffle suggest that differences in macroinvertebrate abundance, DVF clinger abundance, percent clingers, and evenness are due to prolonged effects of student-induced substrate rearrangement at the impacted riffle. Further study is needed to confirm these observations.
Conclusion
In conclusion, the absence of any clear decline and recovery pattern among the macroinvertebrate community during our study indicates that outdoor education stream classes did not lead to changes in aquatic macroinvertebrate community structure between time periods and among days at the within-riffle scale.
We believe the lack of differences in community structure at the within-riffle 
